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Abstract 
This paper did research on determination of extraction radius; the experimental area was No. 3 coal seam in Changcun Coal Mine. This 
paper put forward the method of numerical simulation, this method which determined gas extraction radius was based on the FLAC3D, 
and we used pressure drop index method to test the calculation results. The results showed that numerical simulation based on FLAC3D 
could determine the radius of the gas drainage quickly and accurately, it is meaningful for saving the time in testing extraction radius and 
decorating the drilling reasonably. 
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1. Introduction 
In order to realize the extraction standard and improve the rationality and accuracy in designing and construction 
extraction drilling and assure the utilization efficiency in extraction drilling, we must measure the extraction radius 
accurately first, it is an important basic work. At present, the methods of testing effective extraction radius need drilling 
construction which is a large project, and it is hard to get the right results through the methods. There are a lot of difficulties 
in measuring gas drainage radius because of the actual situation and the condition limitation, for example, it is hard to do the 
test in the pit where there are not determination conditions, ,there is practical meaning in putting forward a measurement 
method of the drainage radius which is more superior, accurate and quicker[1]. 
2. Definition of extraction radius and determination method 
2.1. Definition of extraction radius 
Drill extraction radius can be divided into influent drainage radius and effective drainage radius[2] according to the 
degree of extraction influence, as shown in Figure 1. Influent Extraction radius is the distance from the test point where the 
original gas pressure decline in the coal seam within the time prescribed to the center of borehole. Effective extraction 
radius is that the gas pressure or the content of gas descends to the scope safety allowed within the specified time, and the 
gas pressure or the content of gas is in the radius whose center is the extraction borehole. Effective extraction radius of 
drilling relates to some factors such as gas pressure in coal seam, permeability coefficient, adsorption properties of coal 
seam, extraction aperture, extraction vacuum, extraction time. 
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Fig. 1. Extraction radius of drilling. 
2.2. Determination method 
At present the main determination method of extraction radius is the direct one which is the drilling test method. Drilling 
test method is that in the drilling extraction impact circle, the gas pressure and content of the gas in the coal body will 
continue to decline, the gas emission of drilling will continue to reduce as well. We arranged the test boreholes at different 
distances around extraction borehole, through determining gas pressure, gas emission or the change of desorption index of 
drill-cuttings in drilling process in the test borehole, we could determine the effective extraction radius of the drilling. At the 
definition of extraction radius the several major defining indicators which drilling test method used at home and abroad are 
the index of gas pressure and the index of pressure drop and the index of gas content and the desorption index of drill-
cuttings[3]. 
3. Field measurement of drilling extraction radius 
Due to the coal seam geological conditions and disturbances from ambient mining, coal seam gas parameters measured 
value fluctuations, the gas pressure index method and the gas content indicator method which expressed by absolute size are 
difficult to be applied in the field. But when extraction drilling is working, the pressure of ambient hole will be lower than 
the original pressure measured correspondingly[4]. Therefore, this experiment selected the pressure drop indicators 
measured on the spot. There were total two pressure-measured drilling in the experimental site, the number was 1st hole and 
2nd hole, the two holes were designed at the same level, the distance between them was 2.7m, depth of the hole was 20m, 
sealing depth was 15m, this experiment both selected 65mm pneumatic drill to drill 20m in the coal seam, then used 
75mm drill to ream 15m.There was the location for the 1st extraction hole between the 1st pressure-measured hole and the 
2nd pressure-measured hole(The extraction drilling would be constructed when the pressure of hole was stable in order to 
prepare the determination of drilling extraction radius).The specific drilling layout shown in Figure 2. 
 
 
Fig.2. Drilling layout. 
The gas pressure in coal seam in the 1st pressure-measured hole was 0.60MPa, and the 2nd one was 0.50MPa.When gas 
pressure in the 1st and 2nd pressure-measured drilling was stable, we started to construct the 1st extraction hole which was 
between the two pressure-measured drilling. The diameter of 1st extraction hole was 94mm, and the depth was 30m, the 
1st extraction hole paralleled to the two pressure-measured drillings, the distance between them was 1.2m and 1.5m 
respectively. When the 1st extraction hole was put in the extraction system, the extraction negative pressure was 8–9kpa, 
and the extraction time was 2011.11.04-2011.10.06.The curve of gas pressure which changed in the 1st and 2nd pressure-
measured drilling was shown in figure 3. 
From figure 3 we can see that extraction vacuum in the 1st extraction hole is 8-9kPa, when extraction time is 30 days, the 
gas pressure in the 1st pressure-measured drilling decline from 0.60MPa to 0.45MPa, dropping by 25 percent, while the gas 
pressure in the 2nd pressure-measured decline from 0.50MPa to 0.45MPa, only a 10% drop. Gas pressure in the 1st hole 
declining by 25 percent show that effective extraction radius is less than 1.2m. Gas pressure in the 2nd hole decline by 10%, 
indicating that the influent extraction radius is between 1.2m and 1.5m. 
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Fig.3. Curve of gas pressure changed in the 1st and 2nd pressure-measured drilling when the 1st extraction hole worked. 
4. Determine the drilling's extraction radius with numerical simulation method 
4.1. Equation of gas flow which was in drilling around the coal seam 
According to the research results at present, the flow of gas in the pore structure of coal seam is mainly spread, following 
the fick law; the gas flowing in the fracture system in coal seams belongs to infiltration, following Darcy law; in addition, 
the contact surface of the gas molecules and the coal wall has sliding phenomenon. When the flow rate is very slower, this 
molecule slipstream will increase the proportion, but when the gas pressure is large enough, the slip flow phenomena can be 
ignored. Academician Zhou Shining's further research had shown that although the gas in coal flew from the pore to the 
fissure and then outflew from the fissure into free space, following the combined effect of the diffusion-penetration which 
belonged to two properties flow, due to the small size of the coal particles, diffusion motion was controlled by the 
infiltration flow of fracture network in coal seam, its impact was basically negligible, so the gas flow in coal seam was 
mainly determined by the characteristics of the fracture system, rather than by the pore structure, using Darcy's law as the 
basic law to study the rule seam of gas flow in coal seam was feasible[5]. 
Considering the basic factors which influenced gas flow around drilling in coal seam, in order to simplify the problem 
and make research focus outstanding, and reflect the most basic rule, we combined with the above analysis and did the 
assumptions especially:(1) thickness of cola seam was large enough compared with the influence sphere of gas flow field 
around drilling;(2) ignored the gas flow along the parallel to the drilling axial, considered the gas flow around drilling as 
radial unstable flow;(3)the gas flow in coal seams was a linear penetration, following Darcy's law, the flow process was the 
isothermal process;(4)in the position at some deep in drilling, the original gas pressure of all points in coal body around the 
drilling were same with the gas content ,permeability coefficient was a constant and isotropic, but the permeability 
coefficient which was in the pressure release range influenced by drilling changed following a certain law;(5)coal seam gas 
desorption was completed in an instant, the methane gas in the pressure state could be regarded as an ideal gas[6]. 
According to above assumptions, the gas drilling radial unsteady flow differential equation as follow. 
( )U U UU
t r r r r
                                                                 
(1) 
where U=p2, (U)=4U3/4/ ; p is gas pressure in coal seam, MPa; t is the exposure time of coal wall, s;  is gas content 
coefficient in coal seam, m3/(m3 MPa1/2); r is the distance between the point in coal body and coal surface where there was 
drilling, m;  is seam permeability coefficient, =f(r), m2/(MPa2 d). 
The gas flow around drilling was the penetration flow under the gas pressure, its character as follows: the drilling 
exposing the coal caused coal pressure relief around drilling, the permeability coefficient increased obviously, gas flow 
began at the infinite fluent field, in other words gas flow occurred first in the exposed surface of the hole wall, then flow 
developed outward, the fluent field expanded and was controlled by deformation and failure of the body in the coal around 
the hole. In the pressure relief area around drilling, the increase of permeability coefficient strengthened the tendency of gas 
flow, and this trend followed drilling, but the gas flow around drilling was not subject to the limitations of the pressure relief 
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radius. When the gas flow field reached the boundary of pressure relief area, it would extend to the outside area of pressure 
relief naturally, but the flow trend and the pace of expansion of the flow field outside the pressure relief area was diminished 
greatly, the declined extent related to the gas parameters of original coal seam. According to the first basic assumption, it 
could be thought that gas flow field was infinite flow field around the drilling[7]. 
Set original gas pressure in the coal around drilling as p0, set drilling radius as r0, set the pressure in the drilling as pd, the 
definite solution conditions of the equation (2) as follows. 
0
0 0 0|           ( )   
|       (0 )
t
r r d
p p r r
p p t
                                                                 
(2) 
The equation (1) and definite solution conditional equation (2) formed a definite solution problem. 
4.2. Numerical model and material physical and mechanical parameters 
(1) Geometric conditions of numerical model. 
The numerical model was based on conditions of No.3 coal seam which was the test area in Changcun coal mine, the 
model size was determined according to the actual size as much as possible and the positional relationship of rocks 
established according to the actual geological conditions. The model was divided into 26400 units and 28245 nodes. The 
right level was the X axis direction, the direction along the seam was the Y axis direction and the direction vertical upward 
was the Z axis direction, the entire model range size was 20m×30m×16m. The drill hole diameter was 94mm. The 
numerical model is shown in Fig.4. 
 
Fig.4. integral numerical model grid. 
(2) Physical and mechanical properties of model materials and boundary conditions. 
The No.3 coal seam thickness which was test area was between 5.7m and 7.3m and average thickness was 6.13m, 
contain 1 gangue layer and average thickness was 0.15m. The coal seam structure was 4.36 (0.15) 1.62. The coal direct roof 
was fine sandstone whose average thickness was 2.8m, the old roof was siltstone with an average thickness 3.63m, the 
direct bottom was siltstone with average thickness 1.7m, the old floor was fine sandstone with average thickness 3.2m. The 
rock material’s physical and mechanical parameters were shown in Table 1. 
Table 1. Rock material's physical and mechanical parameters 
Name 
Bulk density 
/(kg/m3) 
Modulus of elasticity 
/GPa 
Poisson’s ratio 
Cohesion 
/MPa 
Friction angle 
/(°) 
Tensile strength 
/MPa 
sandstone 2700 22.4 0.225 5.0 38.5 4.89 
coal 1400 6.3 0.311 1.0 30 1.25 
 
Model constitutive relationship followed the Mohr-Coulomb criterion. Stress boundary conditions were as following: the 
vertical direction stress was the soil self-weight stress; the horizontal direction stress took 0.8 times the self-weight stress 
according to stress measurement results in Changcun Coal Mine; we simulated the overburden weight with added load to 
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the upper edge of model. Displacement boundary conditions were as following: the top surface of model was free, the 
bottom surface was fully constrained and the surfaces around the model constrained normal displacement of each boundary. 
Gas seepage in the model was constructed for modeling based on Darcy’s law. This paper simulated gas pressure change 
and distribution in coal nearby the hole under the condition of the extraction drilling working[8]. 
According to the rule of gas flow variation in the coal seam, the initial and boundary conditions were as following: coal 
seam would be in pristine condition when gas extraction time was zero, gas pressure in coal seam equaled to the original gas 
pressure, when the gas flow distance(radius) was zero, gas flow appeared in the exposed coal surface of extraction drilling, 
the hole pressure was equal to the extraction negative pressure, the coal seam where gas flow appears in flow field was in its 
original state and the gas pressure was equal to the original gas pressure. The parameters used in the process of simulation 
of gas flow listed in Table 2. 
Table 2. Gas flow parameters 
Porosity 
Coefficient of permeability 
/m2 
Gas pressure 
/MPa 
Gas density 
/(kg/m3) 
Gas bulk modulus 
/GPa 
Tensile strength 
/MPa 
0.05 2.5×10-17 0.6MPa 0.716 0.254 0 
4.3. Numerical simulation for gas pressure distribution around borehole in coal seam 
(1) Calculation results of stress and displacement around borehole in coal body. 
Numerical simulation result was based on the No.3 coal seam condition, the No.3 coal seam was test area in Changcun 
Coal Mine, the result showed that(shown in Fig.5): the maximum vertical stress in coal body appeared away from the hole 
wall about 4cm along the horizontal direction which was shown in (a), the maximum horizontal stress in coal body appeared  
 
(a)  (b)  
 (c)  (d)  
Fig.5. (a) Vertical stress cloud picture, (b) horizontal stress cloud picture, (c) vertical displacement cloud picture and (d) horizontal displacement cloud 
picture of stress and displacement. 
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away from the hole wall about 2cm along the vertical direction which was shown in (b), the maximum vertical displacement 
in the coal body appeared away from the hole wall about 7cm along the vertical direction(0.229mm)which was shown in (c), 
the maximum horizontal displacement in the coal body appeared away from the hole wall about 7cm along the horizontal 
direction(0.2mm)which was shown in (d). 
(2) Calculation of gas stress distribution around borehole. 
Because of the effect of drainage negative pressure, there was a gas pressure gradient between internal coal and hole wall 
around the borehole in coal seam, gas poured from coal around the borehole and it formed gas flow field, the gas pressure in 
coal seam reduced gradually. The numerical result showed that(shown in Fig.6 and Fig.7): gas pressure began to decrease 
significantly away from borehole center 1.2-1.5m; away from borehole center about 1.0m, gas pressure dropped from the 
original 0.6MPa to below 0.3MPa, dropped more than 50 percent. 
 
Fig.6. Horizontal section cloud picture of gas pressure distribution around borehole. 
 
Fig.7. Distribution curve of gas pressure around borehole. 
5. Conclusions 
(1) This paper analyzed on-site measurement method and defining indexes of borehole drainage radius, and determined 
to use pressure drop index method and desorption of drill cuttings index method to do on site measurement of borehole 
drainage radius. 
(2) Testing results in test field showed that: extraction hole diameter was 94mm, drainage negative pressure was 8-
9kPa and extraction time was 39d, under above conditions, the effective drainage radius of borehole changed between 1.0m 
and 1.2m, the influence radius of borehole drainage changed between 1.2m and 1.5m. 
(3) Aiming at coal seam occurrence conditions, the result of numerical simulation analysis showed that: because of the 
effect of drainage negative pressure, there were gas pressure gradient between internal coal and hole wall around the seam 
boreholes, gas poured from coal around the borehole and it formed gas flow field, the gas pressure in coal seam reduced 
gradually. The numerical results showed that: gas pressure began to decrease significantly away from borehole center 1.2-
1.5m; away from borehole centre about 1.0m, gas pressure dropped from the original 0.6MPa to below 0.3MPa, dropped 
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more than 50 percent. Field experimental results verified the results of numerical simulation, it was proved that it was 
feasible to determine the gas drainage radius based on FLAC3D numerical simulation, and there was certain practical 
significance to save the drainage radius determination time and arrange borehole rationally. 
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